Physical hazards in meat products: Consumers’ complaints found on a Brazilian website by Pasqualin Cavalheiro, C. et al.
1 
 





, Mauricio Costa Alves da Silva
1
, Juliana Santana 4 
Falcão Leite
1
, Samuel Keryson Rodrigues da Silva Felix
1







Laboratório de Inspeção e Tecnologia de Carnes e Derivados (LabCarne), Escola de 8 
Medicina Veterinária e Zootecnia, Universidade Federal da Bahia (UFBA), CEP 40170-9 
010, Salvador, Brazil. 10 
2 
Department of Products, Instituto de Ciencia y Tecnología de Alimentos y Nutrición 11 




Corresponding author: Dr. Carlos Pasqualin Cavalheiro, Telephone + 55 71 3283-6703. 15 










 Meat and meat products can be contaminated by physical hazards, which is a big 22 
concern for meat industries. The incidence of physical hazards in meat products from 23 
2016 to 2018 in Brazil have been investigated through a website (Reclame Aqui) used 24 
by consumers to express their dissatisfaction. A total of 408 consumers’ complaints 25 
were found involving the presence of physical hazards in meat and meat products. The 26 
greatest percentage of complaints was found in sausages (fresh, dried, and cooked 27 
sausages such as Linguiça Calabresa, Linguiça Portuguesa, and Linguiça Toscana, 28 
among others; 33.33%) followed by hamburgers (17.89%), fresh chicken meat 29 
(12.25%), and chicken nuggets (9.80%). Fewer consumers’ complaints were found in 30 
fresh pork meat (0.49%), fresh bovine meat (0.49%), and chopped ham (0.49%). The 31 
presence of bones (26.96%) was the major physical hazard found in meat products 32 
followed by plastic (25.24%), insect (11.26%), and metal (8.82%). Results indicated 33 
that even with quality programs implemented in the industry such as Hazard Analysis 34 
and Critical Control Points and Good Manufacturing Practices, sometimes failures on 35 
processing line, packaging, commercialization, and service inspection can happen. 36 
Keywords: Food contamination, consumer dissatisfaction, Internet, physical hazards, 37 







1. Introduction 43 
 Physical, chemical, and/or microbiological hazards are a big concern for food 44 
industries, including meat. Brazil is one of the largest beef, pork, and poultry meat 45 
producers in the world; aside from fresh and frozen raw meat, the industry also 46 
processes fresh, cooked, and dry fermented meat products (sausages, hamburgers, 47 
chicken nuggets, ham, etc.). According to the Brazilian legislation, meat products 48 
should be processed under hygienic and sanitary conditions to avoid physical, chemical, 49 
and microbiological contamination (Brasil, 2017). The industry has different systems to 50 
control the hazards incidents in food processing, such as Hazard Analysis and Critical 51 
Control Points (HACCP) and Good Manufacturing Practices (GMP), to improve food 52 
safety and quality (Hung et al., 2015; Park, Kim, & Bahk, 2017). The HACCP system 53 
has become an important obligation for food companies in both the European Union 54 
(European Commission, 2004) and Brazil (Brasil, 1998). Besides HACCP principles, 55 
GMP such as an adequate maintenance of a clean condition of all rooms and food 56 
contact surfaces intended for food production (Losito et al., 2017), protection against 57 
rodents and pests, personal hygiene and training programs, and general use of the 58 
standardization of production techniques, visual inspection, and even metal detection 59 
techniques (Brasil, 2004; Van Schothorst & Kleiss, 1994) are extremely useful. 60 
However, the implementation of quality systems requires considerable investment 61 
(Cusato et al., 2014) and eventually may fail, resulting in accidental unwanted items in 62 
food, and cause great economic losses for companies and exporting countries. 63 
 Some food safety incidents may be caused by the presence of physical hazards. 64 
Physical hazards are either foreign materials unintentionally introduced to food products 65 
or naturally occurring objects and can cause injury, illness, or psychological trauma to 66 
those who ingest them (Aladjadjiyan, 2006). These fragments can be in the form of 67 
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glass, metal, rubber, plastic, wood, bones, or any other object larger than 2.0 mm (Batt, 68 
2016; ICMSF, 2018). In South Korea, physical hazards (mainly non-metal materials 69 
such as plastic, glass, and insects) were related to 20.4% of 975 food safety incidents 70 
that occurred between 1998 and 2016 (Park et al., 2017). Recently, Brazil also faced an 71 
incident involving the largest companies accused of intentionally adding paper to meat 72 
products, which had an international impact (G1, 2017). Moreover, the presence of any 73 
kind of strange object in meat products may cause a dissatisfaction with the companies 74 
involved. According to Corlett (1998), about 91% of dissatisfied consumers will never 75 
buy again the products or services that displeased them and the cost to attract new 76 
consumers is five times higher than to maintain one. 77 
 Throughout the years, many companies have a customer assistance service in 78 
which consumers report the problems about foods and the industries can find solutions 79 
to improve product’s quality (Van Asselt, Van Der Fels-Klerx, Marvin, Van Bokhorst-80 
van De Veen, & Nierop Groot, 2017). Nowadays, with the improvement on Internet 81 
access and large use of social networks, consumers have started to use digital platforms 82 
to expose their dissatisfaction with foods and products in general. In Brazil, the largest 83 
platform where consumers can expose their complaints in relation to products 84 
(including foods) and services in general is the website Reclame Aqui. The website also 85 
could be used for the evaluation of different kinds of hazards and the incidents in 86 
different kinds of food products. Recently, Aguiar et al. (2018) have used Reclame Aqui 87 
to quantify the consumers’ complaints about physical hazards in dairy products. In 88 
addition, Lemos, Garcia, Mello, & Copetti (2018) also used the same platform to 89 
analyze consumers’ complaints about moldy foods. However, to the best of our 90 
knowledge, there are no studies reporting the occurrence of physical hazards in meat 91 
products using consumers’ complaints found on a website in Brazil and in other 92 
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countries. Nevertheless, the study of physical hazards incidents in meat products could 93 
be useful to industry administration to evaluate the impact of those hazards and take 94 
different actions to solve the problems. Thus, the aim of the present study was to collect 95 
information about physical hazards in meat products based on complaints from 96 
Brazilian consumers found on Reclame Aqui. 97 
  98 
2. Materials and methods 99 
2.1. Data collection 100 
 Data were collected from the Brazilian website Reclame Aqui 101 
(www.reclameaqui.com.br), where consumers can expose their complaints about 102 
products and services in general, making a channel with industries. This website is 103 
largely used by the Brazilian population and currently the 27th most accessed website in 104 
Brazil (Alexa, 2019). Data collected in this work correspond to January 2016 to 105 
December 2018. All the data were quantified and organized according to the type of 106 
physical hazard, type of meat products, and year as exposed by consumers on the 107 
website. 108 
 109 
2.2. Statistical analysis 110 
 The global chi-square test was used to verify the relation between year and 111 
number of complaints by product type, year by hazard type, and meat product by 112 
physical hazard. Chi-square per cell was used to identify the source of variation in the 113 
global chi-square test. Chi-square test was carried out with Crosstabs procedure and the 114 
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significance level of 5% (P < 0.05) was used. All analyses were performed using SPSS 115 
17.0 (SPSS, Inc., Chicago, IL, USA). 116 
3. Results and discussion 117 
 A total of 408 consumers’ complaints about the presence of physical hazards in 118 
meat products found on Reclame Aqui were found between 2016 and 2018, involving 119 
18 different meat products and 13 physical hazards. However, not all consumers have 120 
registered their dissatisfaction, indicating that results may be underestimated. The 121 
incidence of physical hazards by meat products and specific years of study is shown on 122 
Table 1. The highest number of complaints was reported for sausages (fresh, dried, or 123 
cooked sausages such as Linguiça Calabresa, Linguiça Portuguesa, and Linguiça 124 
Toscana, among others, according to Brasil, 2000a; 33.33%), hamburgers (17.89%), 125 
fresh chicken meat (12.25%), and chicken nuggets (9.80%). All the other meat products 126 
had consumers’ complaints below 4.0%. Probably, the high consumers’ complaints in 127 
sausages are related to their high consumption per capita of 2,092 kg/hab (IBGE, 2010). 128 
The largest number of complaints was related mainly to physical hazards: bone 129 
(26.96%), plastic (25.24%), insect (11.26%), metal (8.82%), hair (7.59%), and foreign 130 
object (6.84%); the other physical hazards had consumers’ complaints below 4.0% 131 
(Table 2). 132 
 The chi-square test allows to see if the complaints were higher (+) or lower (−) 133 
than expected for a certain meat product and/or physical hazard according to the year 134 
evaluated (Tables 1 and 2). In Table 1, the number of consumers’ complaints for 135 
physical hazards in meat products by year was quite similar: 135 in 2016, 134 in 2017, 136 
and 149 in 2018. In the chi-square test per cell, the consumers’ complaints for sausages 137 
were significantly higher than the theoretically expected value in 2016 and significantly 138 
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lower in 2018, whereas, for fresh chicken meat, lower complaints in 2016 and higher 139 
complaints in 2018 were noted. Regarding hotdog sausages, lower complaints were 140 
marked in 2018, whereas higher complaints were found for frozen chicken meat in 2017 141 
as well as for chopped ham in 2018. In relation to the type of physical hazards, in the 142 
chi-square test per cell, plastic had higher consumers’ complaints in 2017 and 143 
significantly less complaints were found in 2018 as well as for paper in 2016 (Table 2). 144 
No significant differences for bone were found in the years of study. In addition, the 145 
chi-square test per cell (Table 3) shows that, for sausages, plastic incidence was higher 146 
than the expected value, whereas it was lower for feather, glass, and rubber. For 147 
hamburgers, the presence of bone and hair was cited more, whereas metal was less 148 
mentioned. In relation to fresh chicken meat, more citations were observed for the 149 
presence of feather and less for plastic. In minced meat, the incidence of paper was cited 150 
more. For mortadella, the presence of insect and metal was more remarkable and bone 151 
was less remarkable. For bacon, the incidence of insect and hair was more remarkable 152 
and bone and plastic had lower incidence. In patties, insect was cited more than 153 
expected. For meatballs, glass was more noted. In salami, paper and wood were 154 
significantly higher; meanwhile, foreign object and stone were cited more for kibbeh. In 155 
frozen chicken meat, insect and feather were significantly noted. Finally, in chopped 156 
ham and fresh bovine meat, plastic and hair, respectively, were significantly higher than 157 
the expected. 158 
 Fragments of bones correspond to 26.96% of consumers’ complaints (Table 2). 159 
In Table 3, this physical hazard was reported 39 times in sausages, 28 times in 160 
hamburgers, and 18 times in fresh chicken meat. Fragments of bones in meat products 161 
can be considered “naturally occurring objects” but may be injurious if they are in many 162 
numbers or in a sharp form. Fragments of bones in sausages and hamburgers may have 163 
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originated from failures in deboning or grinding processes. Meat grinding makes bone 164 
fragments smaller, but consumers can still perceive them. In poultry processing, 165 
deboning is done manually or in an automated system (Barbut, 2014), and optimizing 166 
deboning is a concern for the poultry industry for preventing the presence of such 167 
physical hazards in the final product and to increase product yield (Daley & Stewart, 168 
2009). In fresh chicken meat, it was possible to observe a high incidence of presence of 169 
bones (Table 3) compared to other physical hazards, and this can be dangerous 170 
especially when ingested by children. According to Arana, Hauser, Hachimi-Idrissi, & 171 
Vandenplas (2001), bones contribute up to 12% of all the foreign objects ingested by 172 
children. In addition, fragments of bone are also reported for chicken nuggets (8 times; 173 
Table 3). In Brazil, the use of mechanically deboned meat (MDM) in cooked meat 174 
products (chicken nuggets, mortadella, hotdog sausages, etc.) is allowed (Brasil, 2000a). 175 
This is a kind of waste stream mainly for the poultry industry and it is produced by 176 
deboning or the separation of edible tissues on chicken bones and consists of high 177 
amounts of ash due to bone components (Saricaoglu, Tural, Gul, & Turhan, 2018). 178 
According to Brasil (2000a), the size of fragments of bones in MDM should not exceed 179 
0.5 mm, but some consumers still perceive them in meat products. However, MDM is 180 
also largely used in mortadella, but no consumers’ complaints were found about the 181 
presence of bones. This fact could be related to a more refined meat grinding process 182 
done on mortadella processing and possible fragments of bones may be smaller. 183 
 It is well known that the use of plastic is very common in the food industry and 184 
the presence of plastic components in meat products was responsible for 25.24% of 185 
consumers’ complaints on Reclame Aqui (Table 2). Common sources of plastic can be 186 
items such as twines used in packing, plastic sacking, and plastic gloves and even from 187 
fragments of utensils used for cleaning equipment. In addition, consumers also reported 188 
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on Reclame Aqui the presence of plastic fragments from materials such as pen, which 189 
means a great carelessness when using this material on production areas. The presence 190 
of plastic in sausages was the main complaint reported by consumers (Table 3). In fresh 191 
sausages, such as Linguiça Toscana, the use of plastic seals to separate each sausage is 192 
common and consumers reported the presence of those seals inside the sausages, which 193 
means production failure in stuffing and sealing processes. In dairy products, plastic 194 
represents 11.1% of 515 consumers’ complaints on Reclame Aqui, involving physical 195 
hazards and is generally from packaging and utensils used in some small industries 196 
(Aguiar et al., 2018). However, in dairy products, the presence of plastic corresponds to 197 
less than half of consumers’ complaints about the presence of plastic in meat products. 198 
With the increasing use of plastic in everyday applications, many food companies 199 
regard plastics as one of the most important causes of physical hazards complaints 200 
(Edwards, 2014). 201 
 Insects such as flies, larvae, and ant were responsible for 11.26% of consumers’ 202 
complaints on Reclame Aqui (Table 2). The presence of insects may cause choking and 203 
consumer suffocation. In addition, insects could act as important vectors in the 204 
transmission of some infectious diseases including foodborne infections (Pava-Ripoll, 205 
Pearson, Miller, & Ziobro, 2015). Li et al. (2018) stated that insects such as flies are 206 
important vectors for Listeria monocytogenes contamination of raw pork meat in retail 207 
markets in China. The greatest number of consumers’ complaints about the presence of 208 
insects was found in sausages (10 times; Table 3). In addition, in bacon, the presence of 209 
insects was the mainly physical hazard reported by consumers. Inadequate pest 210 
management can lead to post-contamination once insects and other pests can enter the 211 
production area through doors and windows, attracted by the lack of cleaning and 212 
10 
 
sanitization of the facilities and equipment (Souza, Cruz, Moura, Vieira, & Sant’Ana, 213 
2008). 214 
 The presence of metal fragments was responsible for 8.82% of consumers’ 215 
complaints about physical hazards in meat products (Table 2) with more incidences in 216 
sausages (14 times) followed by mortadella (6 times) and fresh chicken meat and 217 
chicken nuggets (4 times; Table 3). Metal fragments can be from external meat 218 
contamination or due to failures on line production, where pieces of metal may enter the 219 
product, such as pieces from the grinder mainly (USDA, 2005). Other types of pieces of 220 
metal such as splinters, blades, needles, and staples also can contaminate meat during 221 
processing. 222 
 The presence of hair on the final meat products indicated that there may have 223 
been hygiene problems at some processing stage or even carried by ingredients used in 224 
the preparation of the products. Hair was responsible for 7.59% of consumers’ 225 
complaints (Table 2) and its presence was reported 10 times on hamburgers, five times 226 
on sausages, 4 times on chicken nuggets, and three times on bacon (Table 3). In bacon, 227 
as it can be sold with pork skin (Brasil, 2000b), the presence of hair can be considered 228 
as a naturally occurring object related to failure on pig’s hair removal. However, in 229 
bacon, the incidence of hair was lower than in other meat products commented before. 230 
These tendencies were similar that the observed in dairy products, where Aguiar et al. 231 
(2018) showed that hair was responsible for 15.2% of 515 consumers’ complaints and 232 
also was attributed to the failures on GMP on dairy processing. 233 
 Foreign objects were the components that the consumers were unable to identify. 234 
This has corresponded to 6.86% of consumers’ complaints (Table 2). Aguiar et al. 235 
(2018) showed that, in dairy products, foreign objects might come from ingredients 236 
11 
 
used in their elaboration, for example, in the product’s flavoring step. It is possible that 237 
the same situation occurs in meat products, as sausages and hamburgers (products with 238 
the large addition of ingredients) showed the highest number of complaints. 239 
 In Table 2, feather corresponds to 3.67% of consumers’ complaints on Reclame 240 
Aqui. Feather can be considered as a naturally occurring object resulting especially from 241 
failures on poultry’s scalding and defeathering processes. In Table 3, the presence of 242 
feathers was only related to poultry-meat products such as fresh chicken meat (13 243 
times), chicken nuggets (1 time), and frozen chicken meat (1 time). The presence of 244 
feathers may be harmful to consumers, especially if quill was the part of feather found, 245 
but the most dissatisfaction about the presence of feather is because it is generally 246 
associated with the lack of hygiene during processing. 247 
 The presence of paper in meat products corresponds to 2.94% of consumers’ 248 
complaints (Table 2) mainly in minced meat (4 times; Table 3). Nevertheless, it is 249 
interesting to observe the behavior of consumers’ complaints about the presence of 250 
paper in meat products. No complaints were reported in 2016; however, there was an 251 
increase in the following years, with six complaints observed in 2017 and another 6 in 252 
2018 (Table 2). Probably, that increase was related to the Weak Flesh (Carne Fraca) 253 
Operation that started in March 2017 by Brazilian authorities, where one of the 254 
accusations was the intentional paper addition in some kind of meat products (G1, 255 
2017). After finishing all the investigations, it was proven that those accusations were 256 
false; however, due to the wide information disseminated by TV, radio, and the Internet, 257 
it was possible that the population has been influenced. 258 
 Fragments of glass reported from food products are among the most important 259 
physical hazards on foods due to the emotive impact on consumers, the reputation of 260 
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glass fragments for causing injury, and hence the potential for bad publicity (Edwards, 261 
2014). Glass was responsible for 2.69% of consumers’ complaints (Table 2) mainly in 262 
hamburgers and fresh chicken meat (3 times; Table 3). In addition, a range of materials 263 
can be frequently mistaken for glass such as colorless plastics and salt and sugar 264 
crystals (Edwards, 2014). Aguiar et al. (2018) also reported that consumers’ might be 265 
induced to believe that, especially in sweet condensed milk, sugar crystals are fragments 266 
of broken glass. 267 
 The presence of stone, fabric, wood, and rubber altogether corresponds to 3.91% 268 
(Table 2) of consumers’ complaints on Reclame Aqui, and there hazards were especially 269 
reported for sausages (Table 3). These physical hazards showed less than 2.0% of 270 
consumers’ complaints each, which is very low in relation to other physical hazards 271 
found in meat products. However, in a study conducted by Ababio, Taylor, Swainson, 272 
& Daramola (2016) that analyzed the impact of food hazards in school meals from 273 
students’ report from the Ashanti Region of Ghana, the presence of stones represents 274 
more than 60% of students’ complaints followed by insects, human hair, and metallic 275 
substances. Stones may be incorporated in field crops, such as grains and cereals, during 276 
harvesting, but this kind of ingredient is not commonly used in meat products without 277 
any kind of pretreatment. The presence of fragments of fabric could be related to the 278 
lack of care regarding clothing and uniforms and also demonstrate failures on GMP. 279 
Splinters from wood structures and wooden pallets used to store and transport 280 
ingredients of food products may be the cause of contamination reported in wood. 281 
Finally, in relation to rubber, it may be from the breakdown of some equipment. 282 
 It is important to detect and eliminate physical hazards in food. Nowadays, there 283 
are several methods available to detect physical hazards in food processing lines, which 284 
can be helpful to reduce their incidence. Metal detectors (Tamime, 2009), capacitive 285 
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sensors (Mohammadi, Ghasemi-Varnamkhasti, & Gonzalez, 2017), and X-ray 286 
equipment (Jooste, Anelich, & Motarjemi, 2014) can be used to detect foreign objects. 287 
However, non-conductive materials such as plastic and glass cannot be detected using a 288 
metal detection system (Khairi, Ibrahim, Yunus, & Faramarzi, 2018). Zhong, Zhang, 289 
Lu, Liu, & Wang (2019) reported a high-speed display-delayed planar X-ray inspection 290 
system for the fast detection of small fishbone and stated that this system is very helpful 291 
to detect native hazardous material (fishbone) and foreign material contamination 292 
(metals, stones, pen caps, etc.) very quickly. Nevertheless, wood, insects, and hair are 293 
not detectable by X-ray systems (Li, Liu, Sun, Ma, & Ding, 2015). 294 
 Wang, Sun, & Pu (2017) reported the use of terahertz (THz) wave to foreign 295 
object detection. THz wave is in the electromagnetic spectrum ranging from 0.1 to 10 296 
THz and can penetrate through and identify a variety of dense and low-density 297 
materials. Lee, Choi, Han, Woo, & Chun (2012) use continuous wave-THz imaging to 298 
detect high-density (aluminum and granite pieces) and low-density (maggots and 299 
crickets) physical hazards embedded in powdered instant noodle, and the results were 300 
compared to X-ray imaging. The results showed that THz radiation could identify low-301 
density objects clearly. However, no studies were conducted using THz waves for 302 
physical hazards detection in meat products. In addition, high cost may be a limitation 303 
of large application of this technology by food industries. Another technology that can 304 
be used in the food inspection process is ultrasonic tomography (Khairi et al. 2018). 305 
     306 
Conclusion 307 
 Sausages, hamburgers, and fresh chicken meat correspond to more than half of 308 
the consumers’ complaints (63.47%) on Reclame Aqui about the presence of physical 309 
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hazards in meat products. Bone, plastic, and insects were the most common physical 310 
hazards found on meat products (63.46%). It is clear that preventive measures are 311 
primordial on the meat processing industry, and quality programs such as HACCP and 312 
GMP, besides inspection service, are helpful for physical hazards prevention. It is 313 
necessary to improve the training of employees, proper pest control, and adequate 314 
machinery maintenance and to stimulate the use of new technologies for monitoring 315 
physical hazards in meat products. Reclame Aqui is an important tool to connect 316 
consumers and industries about food dissatisfaction. Data available on this platform can 317 
be useful to help industries to better understand consumers’ complaints and identify the 318 
most susceptible meat products and most representative physical hazards on a meat 319 
processing line. In this context, it can be a tool for industries to improve quality and to 320 
ensure safer meat products available for consumers. 321 
 322 
Acknowledgements 323 
 The authors would like to thank FAPESB and CNPq for the fellowships to 324 
Juliana Santana Falcão Leite and Samuel Keryson Rodrigues da Silva Felix. 325 
 326 
References 327 
Ababio, P. F., Taylor, K. D. A., Swainson, M., & Daramola, B. A. (2016). Impact of 328 
food hazards in school meals on students’ health, academic work and finance – 329 
Senior High School students’ report from Ashanti Region of Ghana. Food 330 
Control, 62, 56-62. https://doi.org/10.1016/j.foodcont.2015.10.017.  331 
Aguiar, R. S., Esmerino, E. A., Rocha, R. S., Pimentel, T. C., Alvarenga, V. O., Freitas, 332 
M. Q., Silva, M. C., Sant’ana, A. S., Silva, A. C. O., & Cruz, A. G. (2018). 333 
15 
 
Physical hazards in dairy products: Incidence in a consumer complaint website in 334 
Brazil. Food Control, 86, 66-70. https://doi.org/10.1016/j.foodcont.2017.11.020. 335 
Aladjadjiyan, A. (2006). Physical hazards in the agri-food chain. In P. A. Luning, F. 336 
Devlieghere, & R. Verhè (Eds.). Safety in the agri-food chain (pp. 209-222). 337 
Wageningen: Wageningen Academic. 338 
Alexa Inc. (2019). Top sites in Brazil. Available at: 339 
https://www.alexa.com/topsites/countries/BR. Accessed in June 2019.  340 
Arana, A., Hauser, B., Hachimi-Idrissi, S., & Vandenplas, Y. (2001). Management of 341 
ingested foreign bodies in childhood and review of the literature. European 342 
Journal of Pediatrics, 160, 468-472. https://doi.org/10.1007/s004310100788.  343 
Barbut, S. (2014). Review: Automation and meat quality-global challenges. Meat 344 
Science, 96, 335-345. https://doi.org/10.1016/j.meatsci.2013.07.002.  345 
Batt, C. A. (2016). Chemical and Physical Hazards in Food. Reference Module in Food 346 
Science. Available at: 347 
https://www.sciencedirect.com/science/article/pii/B9780081005965034375?via%348 
3Dihub. 349 
Brasil. (1998). Ministério da Agricultura e do Abastecimento. Portaria nº 46 de 10 de 350 
fevereiro de 1998. Instituir o Sistema de Análise de Perigos e Pontos Críticos de 351 
Controle. Diário Oficial da República Federativa do Brasil de 16/03/1998. 352 
Brasília, DF. 353 
Brasil. (2000a). Secretaria de Defesa Agropecuária do Ministério da Agricultura e do 354 
Abastecimento. Instrução Normativa nº 4, de 31 de março de 2000. Aprova os 355 
Regulamentos Técnicos de Identidade e Qualidade de Carne Mecanicamente 356 
Separada, de Mortadela, de Linguiça e de Salsicha. Diário Oficial da República 357 
Federativa do Brasil de 05/04/2000. Brasília, DF. 358 
Brasil. (2000b). Secretaria de Defesa Agropecuária do Ministério da Agricultura e do 359 
Abastecimento. Instrução Normativa nº 21, de 31 de julho de 2000. Aprova os 360 
Regulamentos Técnicos de Identidade e Qualidade de Patê, de Bacon ou Barriga 361 
16 
 
Defumada e de Lombo Suíno. Diário Oficial da República Federativa do Brasil 362 
de 03/08/2000. Brasília, DF. 363 
Brasil. (2004). Agência Nacional de Vigilância Sanitária. Resolução RDC nº 2016, de 364 
15 de setembro de 2004. Dispõe sobre Regulamento Técnico de Boas Práticas 365 
para Serviços de Alimentação. Diário Oficial da República Federativa do Brasil 366 
de 16/09/2004. Brasília, DF. 367 
Brasil. (2017). Decreto nº 9013 de 29 de março de 2017. Dispõe sobre o Regulamento 368 
da Inspeção Industrial e Sanitária de Produtos de Origem Animal. Diário Oficial 369 
da República Federativa do Brasil de 30 de março de 2017. Brasília, DF. 370 
Corlett, D. A. (1998). HACCP User’s Manual. A Chapman & Hall Food Science Title. 371 
An Aspen Publication. Gaithersburg, Maryland: Aspen Publishers.  372 
Cusato, S., Gameiro, A. H., Sant’Ana, A. S., Corassin, C. H., Cruz, A. G., & de 373 
Oliveira, C. A. F. (2014). Assessing the costs involved in the implementation of 374 
GMP and HACCP in a small dairy factory. Quality Assurance and Safety of Crops 375 
& Foods, 6, 135-139. https://doi.org/10.3920/QAS2012.0195.  376 
Daley, W. D. R., & Stewart, J. (2009). Proactive detection of bones in poultry 377 
processing. In: Sensing for Agriculture and Food Quality and Safety. Proceedings 378 
Volume 7315. Orlando, FL. USA. https://doi.org/10.1117/12.818981.  379 
Edwards, M. (2014). Other Significant Hazards: Physical Hazards in Foods. 380 
Encyclopedia of Food Safety, Vol. 3, p. 117-123. Available at: 381 
https://www.sciencedirect.com/science/article/pii/B9780123786128000044.   382 
European Commission. (2004). Regulation (EC) No 852/2004 of the European 383 
Parliament and of the Council of 29 April 2004 on the hygiene of foodstuffs. 384 
Official Journal of the European Union, L139, 30.  385 
Available at: G1. https://g1.globo.com/economia/agronegocios/noticia/carne-fraca-386 
associacao-de-produtores-de-frango-diz-que-problemas-sao-pontuais-e-nao-ha-387 
riscos-para-o-consumidor.ghtml. Accessed: August 2018. 388 
17 
 
Hung, Y., Liu, C., Peng, I., Hsu, C., Yu, R., & Cheng, K. (2015). The implementation 389 
of a Hazard Analysis and Critical Control Point management system in a peanut 390 
butter ice cream. Journal of Food and Drugs Analysis, 23, 509-515. 391 
https://doi.org/10.1016/j.jfda.2015.02.005.  392 
IBGE. Instituto Brasileiro de Geografia e Estatística. Pesquisa de Orçamentos 393 
Familiares 2008-2009: Aquisição Alimentar Domiciliar per capita no Brasil e 394 
Grandes Regiões – Tabela aquisição alimentar domiciliar per capita anual. 2010. 395 
Available at: 396 
http://www.ibge.gov.br/home/estatistica/populacao/condicaodevida/pof/2008_200397 
9_aquisicao/tabelas_pdf/tab111.pdf. Accessed June 2019. 398 
ICMSF. International Commission on Microbiological Specification for Foods. (2018). 399 
Microbiological Hazards and Their Control. In R. L. Buchanan (Ed.). 400 
Microorganisms in Food 7: Microbiological Testing in Food Safety Management 401 
(pp. 1-25). (2
nd
 ed.). New South Wales, Australia. Springer. 402 
Jooste, P. J., Anelich, L., & Motarjemi, Y. (2014). Safety of Food and Beverages: Milk 403 
and Dairy Products. Encyclopedia of Food Safety. New York, NY: Elsevier. 404 
Khairi, M. T. M., Ibrahim, S., Yunus, M. A. M., & Faramarzi, M. (2018). Ultrasonic 405 
tomography for detecting foreign objects in refrigerated milk cartons. 406 
International of Dairy Technology, 71, 1005-1011. https://doi.org/10.1111/1471-407 
0307.12534.  408 
Lee, Y. K., Choi, S. W., Han, S. T., Woo, D. H., & Chun, H. S. (2012). Detection of 409 
foreign bodies in foods using continuous wave terahertz imaging. Journal of Food 410 
Protection, 75, 179-183. https://doi.org/10.4315/0362-028X.JFP-11-181.  411 
Lemos, J. G., Garcia, M. V., Mello, R. O., & Copetti, M. V. (2018). Consumers 412 
complaints about moldy foods in a Brazilian website. Food Control, 92, 380-385. 413 
https://doi.org/10.1016/j.foodcont.2018.05.017.   414 
Li, F., Liu, Z., Sun, T., Ma, Y., & Ding, X. (2015). Confocal three-dimensional micro 415 
X-ray scatter imaging for non-destructive detecting foreign bodies with low 416 
density and low-Z materials in food products. Food Control, 54, 120-125. 417 
https://doi.org/10.1016/j.foodcont.2015.01.043.  418 
18 
 
Li, H., Wang, P., Lan, R., Luo, L., Cao, X., Wang, Y., Wang, Y., Li, H., Zhang, L., Ji, 419 
S., & Ye, C. (2018). Risk factors and level of Listeria monocytogenes 420 
contamination of raw pork in retail markets in China. Frontiers in Microbiology, 421 
9, Article 1090. https://doi.org/10.3389/fmicb.2018.01090.  422 
Losito, P., Visciano, P., Genualdo, M., Satalino, R., Migailo, M., Ostuni, A., Luisi, A., 423 
& Cardone, G. (2017). Evaluation of hygienic conditions of food contact surfaces 424 
in retail outlets: Six years of monitoring. LWT, 77, 67-71. 425 
https://doi.org/10.1016/j.lwt.2016.11.029.  426 
Mohammadi, V., Ghasemi-Varnamkhasti, M., & Gonzalez, L. A. (2017). Analytical 427 
measurements of ultrasound propagation in dairy products: a review. Trends in 428 
Food Science & Technology, 61, 38-48. https://doi.org/10.1016/j.tifs.2016.12.004.  429 
Park, M. S., Kim, H. N., & Bahk, G. J. (2017). The analysis of food safety incidents in 430 
South Korea, 1998 – 2016. Food Control, 81, 196-199. 431 
https://doi.org/10.1016/j.foodcont.2017.06.013.  432 
Pava-Ripoll, M., Pearson, R. E., Miller, A. K., & Ziobro, G. C. (2015). Detection of 433 
foodborne bacterial pathogens from individual filth flies. Journal of Visualized 434 
Experiments, 96, e52372. https://doi.org/10.3791/52372.  435 
Saricaouglu, F. T., Tural, S., Gul, O., & Turhan, S. (2018). High pressure 436 
homogenization of mechanically deboned chicken meat protein suspension to 437 
improve mechanical and barrier properties of edible films. Food Hydrocolloids, 438 
84, 135-145. https://doi.org/10.1016/j.foodhyd.2018.05.058.  439 
Souza, T. B., Cruz, A. G., Moura, M. F., Vieira, A. P. M., & Sant’Ana, A. S. (2008). 440 
Microscopic quality indicators of minas frescal cheese. Food Control, 19, 71-75. 441 
https://doi.org/10.1016/j.foodcont.2007.02.004.  442 
Tamime, A. Y. (2009). Milk Processing and Quality Management, 1
st
 ed. Chichester: 443 
Blackwell Publishing.  444 
USDA. United States Department of Agriculture (2005). Meat and Poultry Hazards and 445 
Controls Guide. 35p. 446 
19 
 
Van Asselt, E. D., Van Der Fels-Klerx, H. J., Marvin, H. J. P., Van Bokhorst-van De 447 
Veen, H., & Nierop Groot, M. (2017). Overview of food safety hazards in the 448 
European dairy supply chain. Comprehensive Reviews in Food Science and Food 449 
Safety, 19, 59-75. https://doi.org/10.1111/1541-4337.12245.  450 
Van Schothorst, M., & Kleiss, T. (1994). HACCP in the dairy industry. Food Control, 451 
5, 162-166. https://doi.org/10.1016/0956-7135(94)90076-0.  452 
Wang, K., Sun, D. W., and Pu, H. (2017). Emerging non-destructive terahertz 453 
spectroscopy imaging technique: Principle and applications in the agri-food 454 
industry. Trends in Food Science and Technology, 67, 93-105. 455 
https://doi.org/10.1016/j.tifs.2017.06.001.  456 
Zhong, J., Zhang, F., Lu, Z., Liu, Y., & Wang, X. (2019) High-speed display-delayed 457 
planar X-ray inspection system for the fast detection of small fishbones. Journal 458 
of Food Process Engineering, 42, e13010. https://doi.org/10.1111/jfpe.13010.  459 
Table 1 – Physical hazards incidence in meat products from 2016 to 2018 according to consumers’ 
complaints found on a Brazilian website.  
Meat product Years Number Proportion 
 2016 2017 2018  % 
Sausages 56 (+)
a 
50 (+) 30 (−)
a 
136 33.33 
Hamburgers 24 (−) 23 (−) 26 (+) 73 17.89 
Fresh Chicken Meat 6 (−)
a 
12 (−) 32 (+)
a 
50 12.25 
Chicken Nuggets 12 (−) 12 (−) 16 (+) 40 9.80 
Ham 7 (+) 5 (+) 3 (−) 15 3.67 
Minced Meat 4 (−) 4 (−) 7 (+) 15 3.67 
Mortadella 7 (+) 3 (−) 5 (−) 15 3.67 
Hotdog Sausages 6 (+) 6 (+) 1 (−)
a 
13 3.18 
Bacon 4 5 (+) 3 (−) 12 2.94 
Pattie 2 (−) 3 (+) 2 (−) 7 1.71 
Meatballs 3 (+) 3 (+) 1 (−) 7 1.71 
Salami 1 (−) 2 (−) 4 (+) 7 1.71 
Kibbeh 1 (−) 2 3 (+) 6 1.47 
Turkey Breast 1 1 1 3 0.73 
Frozen Chicken Meat 0 (−) 0 (−) 3 (+)
a 
3 0.73 
Chopped Ham 0 (−) 2 (+)
a 
0 (−) 2 0.49 
Fresh Bovine Meat 1 (+) 0 (−) 1 (+) 2 0.49 
Fresh Pork Meat 0 (−) 1 (+) 1 (+) 2 0.49 
Total 135 134 139 408 100 
ª Effect of chi-square per cell. (+) or (−) indicate that the observed value is higher or lower than the 
expected theoretical value. *P < 0.05. 
Table 1
Table 2 – Physical hazards found in meat products from 2016 to 2018 according to 
consumers’ complaints found on a Brazilian website. 
Physical hazard Years Number Proportion % 
 2016 2017 2018 
Bone 40 (+) 35 (−) 35 (−) 110 26.96 





Insect 15 (−) 12 (−) 19 (+) 46 11.26 
Metal 13 (+) 10 (−) 13 (+) 36 8.82 
Hair 14 (+) 8 (−) 9 (−) 31 7.59 
Foreign Object 8 (−) 10 (+) 10 (+) 28 6.86 
Feather 2 (−) 5 (+) 8 (+) 15 3.67 
Paper 0 (−)
a 
6 (+) 6 (+) 12 2.94 
Glass 4 (+) 3 (−) 4 (+) 11 2.69 
Stone 2 (−) 1 (−) 4 (+) 7 1.71 
Fabric 2 (+) 0 (−) 2 (+) 4 0.98 
Wood 2 (+) 0 (−) 1 3 0.73 
Rubber 0 (−) 1 (+) 1 (+) 2 0.49 
Total 135 134 139 408 100 
ª Effect of chi-square per cell. (+) or (−) indicate that the observed value is higher or 
lower than the expected theoretical value. *P < 0.05. 
 
Table 2
Table 3 – Discrimination of physical hazards by meat products (from 2016 to 2018) according to consumers’ complaints found on a Brazilian 
website.  
Meat Product Physical Hazard 
 Bone Plastic Insect Metal Hair Foreign 
Object 
Feather Paper Glass Stone Fabric Wood Rubber 
Sausages 39 (+) 49 (+)
a 
10 (−) 14 (+) 5 (−) 8 (−) 0 (−)
a 
3 (−) 0 (−)
a 








7 (+) 0 (−) 2 (−) 3 (+) 1 (−) 0 (−) 0 (−) 0 (−) 
Fresh Chicken Meat 18 (+) 1 (−)
a 
7 (+) 4 (−) 2 (−) 2 (−) 13 (+)
a 
0 (−) 3 (+) 0 (−) 0 (−) 0 (−) 0 (−) 
Chicken Nuggets 8 (−) 11 (+) 3 (−) 4 (+) 4 (+) 2 (−) 1 (+) 2 (+) 2 (+) 1 (+) 1 (+) 1 (+) 0 (−) 
Ham 5 (+) 4 (+) 2 (+) 0 (−) 0 (−) 2 (+) 0 (−) 0 (−) 1 (+) 1 (−) 0 (−) 0 (−) 0 (−) 
Minced Meat 6 (+) 2 (−) 1 (−) 1 (−) 0 (−) 1 0 (−) 4 (+)
a 
0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 
Mortadella 0 (−)
a 




2 (+) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 







2 (+) 3 (+)
a 
1 (+) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 
Pattie 0 (−) 2 (+) 3 (+)
a 
0 (−) 0 (−) 1 (+) 0 (−) 0 (−) 0 (−) 0 (−) 1 (+)
a 
0 (−) 0 
Meatballs 3 (+) 1 (−) 0 (−) 1 (+) 1 (+) 0 (−) 0 (−) 0 (−) 1 (+)
a 
0 (−) 0 (−) 0 (−) 0 
Salami 1 (+) 4 (+) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 1 (+)
a 
0 (−) 0 (−) 0 (−) 1 (+)
a 
0 
Kibbeh 0 (−) 1 (−) 0 (−) 1 (+) 1 (+) 2 (+)
a 
0 (−) 0 (−) 0 (−) 1 (+)
a
 0 (−) 0 0 
Turkey Breast 0 (−) 2 (+) 0 (−) 1 (+) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 0 0 
Frozen Chicken Meat 0 (−) 0 (−) 2 (+)
a 
0 (−) 0 (−) 0 (−) 1 (+)
a 
0 (−) 0 (−) 0 (−) 0 0 0 
Chopped Ham 0 (−) 2 (+)
a 
0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 0 0 0 
Fresh Bovine Meat 0 (−) 0 (−) 1 (+) 0 (−) 1 (+)
a
 0 (−) 0 (−) 0 (−) 0 (−) 0 0 0 0 
Fresh Pork Meat 1 (+) 0 (−) 1 (+) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 (−) 0 0 0 0 
ª Effect of chi-square per cell. (+) or (−) indicate that the observed value is higher or lower than the expected theoretical value. *P < 0.05 
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